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RADIATION DOSIMETRY ABOARD THE SPACECRAFT OF THE 

EDSECH MERCURY-ATLAS MISSION (MA-8) 

By Carlos S. Warren and W i l l i a m  L. G i l l  

SUMMARY 

The creat-ion of an a r t i f i c a l l y  trapped electron b e l t  by a high-alt i tude 
nuclear explosion on July 9, 1962, made it necessary t o  place radiat ion dosi- 
meters aboard the  spacecraft used in  the eighth Mercury-Atlas mission (MA-8) 
on October 3, 1962, since the last three o rb i t s  passed thro'llgh a magnetic 
f i e l d  anomaly where the b e l t  ex i s t s  a t  Mercury f l i g h t  a l t i t udes ,  Dosimeters 
on board the spacecraft of the MA-8 mission were a self-indicating ionization 
chamber, lithium f luoride thermoluminescent detectors, and nuclear emulsions. 
The measurements indicated that the  astronaut received l e s s  than 30 mill i rads ,  
body surface dose. 

IN'TRODUCT ION 

On July 9, 1962, an internat ional  AGIWARN message quoted the following: 
"A megaton y ie ld  range device w a s  detonated in  the  ionosphere a t  an a l t i t u d e  
of hundreds of kilometers i n  the  v ic in i ty  of Johnston Gland i n  the Pacif ic  
a t  0900 U.T. on 9 July 1962." Several hours thereaf te r ,  geiger counters on 
the k j u n  I s a t e l l i t e  recorded an increase of up t o  a hundred times the  normal 
count r a t e  of radiat ion a s  the s a t e l l i t e  passed through the lower Van Allen 
b e l t  ( ref .  1). 

The increase in  counting r a t e s  was a t t r i bu ted  t o  energetic electrons 
emitted by the radioactive decay of f i s s ion  nuclei. These electrons presum- 
ably have a d i f f e ren t i a l  number energy spectrum, shown i n  f igure 1, approxi- 

mated by C exp(-0.575E - 0.055$) f o r  the range 1 I; E r; 7, where E is the 
electron energy in  MeV and C is a constant ( ref .  2). Some of the electrons 
emitted were injected a t  such p i tch  angles t o  the geomagnetic f i e l d  vector 
that they were trapped, executing osc i l la tory  motion in  l a t i t ude  along magnetic 
l i nes  and d r i f t i ng  eastward i n  longitude. The net e f fec t  w a s  the  formation of 
an a r t i f i c i a l  electron b e l t  surrounding the earth. 

Although the main portion of the b e l t  i s  well  above the a l t i t u d e  of manned 
o r b i t a l  space f l i g h t s ,  an anomaly centered i n  the region of 5" W. longitude, 
45" S. l a t i t ude  permitted the  trapped electrons t o  dip a s  low as 100 kilome- 
t e r s ,  according t o  lk. W. N. Hess of NASA Goddazd Space Fl ight  Center, Since 
the path of the MA-8 mission passed through t h i s  region on the last three 
orb i t s ,  detectors were placed on board the spacecraft t o  assess the dose accu- 
mulated by Astronaut Walter M. Schirra, Jr., from the  a r t i f i c a l l y  trapped elec- 
t rons and the Van Allen b e l t  par t ic les .  
used and presents the results of the measurements. 

This paper describes the dosimetry 
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t o t a l  e lectrons of f i s s ion  spectrum normally incident on ex te r io r  
2 of hatch cover, e/cm 

normally incident e lectrons of t h e  f i s s i o n  spectrum attenuated 
2 through x thickness of titanium, e/cp 

f r ac t ion  of t o t a l  e lectrons in  i group t h  

t o t a l  charge per un i t  time in  e lectron beam 

charge accumulated by blocks A o r  B 

e lectron range 

response of ion chamber t o  f i s s i o n  electrons 

average response of ion chamber t o  ith energy group 

2 
shield thickness, g/cm 

electron backscatter coef f ic ien t  

f r ac t ion  of t o t a l  re f lec t ion  so l id  angle tha t  is  subtended by 
block B 

DoSDETEB DESCRIPTION 

Shown in  the photograph i n  figure 2 are the  dosimeters car r ied  on the  M4-8 
f l i g h t ,  f i v e  thermoluminescent dosimeters and a Bendix self- indicat ing ioniza- 
t i o n  chamber, model 866, which had a range of 0 t o  1 roentgen. The ion chamber 
wrapped in  Velcro w a s  placed on the in t e r io r  of the egress hatch cover ( f ig .  3). 
The astronaut read the ion chamber after each o r b i t a l  pass through the region 
of i n t e re s t  and the  reading was recorded on tape. 

Figures 4 and 5 show the  placement of the f i v e  thermoluminescent dosi- 
meters (TLD) over the eyes, on the  chest, and on t h e  i n t e r i o r  thigh of t he  p i -  
l o t .  These detectors w e r e  furnished t o  NASA by the Los Alamos Sc ien t i f i c  
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Laboratory, New Mexico. Calibration of t he  dosimeters t o  f i s s ion  decay elec- 
trons,  as w e l l  as the  reading of t he  detectors after the  mission, was done by 
LASL. 

The MA-8 spacecraft  a l so  contained two emulsion packs furnished by 
Dr. H. J. Schaefer of U. S. N a v a l  School of Aviation Medicine, Pensacola, 
Florida, t o  monitor the  in t e r io r  proton dose. These packs, each of which con- 
tained a beta-gamma sens i t ive  film, were located on each s ide of the  instru-  
ment console. 

The Bendix ionization chamber w a s  designed f o r  monitoring primarily X- 
and gamma-radiation. It was cal ibrated a t  the  factory and guaranteed t o  an 

accuracy of kt10 percent of fu l l - sca le  reading f o r  dose rates up t o  6 x 10 
roentgens per hour, independent of incident gamma spectra. However, it w a s  
not expected that the  instrument would show the same eff ic iency t o  electrons,  

mainly because the  dosimeter w a l l  thickness (m230 mg/cm ) s igni f icant ly  a t ten-  
uates e lectrons having energies l e s s  than several  MeV. 
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The ion chamber had the  advantage of being readi ly  obtainable, inherently 

In  addition, it had the  capabi l i ty  of 
rugged, and completely self-contained, i n  t ha t  once it w a s  charged, it required 
no power supply or e lectronic  read-out. 
withstanding the  reduced atmospheric pressure of 3 p s i  within the  spacecraft 
cabin without leakage, and gave the  astronaut a real-time estimate of h i s  dose. 

RESULTS AND ANALYSIS 

The reading of t he  ionization chamber w a s  reported by the  astronaut after 
the last pass through the  anomaly t o  be approximately 60 milliroentgens, 

brat ion of the ionization chamber t o  a Co 
the  average detector reading w a s  within 1 percent of the  t rue  dose, w i t h  a 
standard deviation of 3 percent. It is estimated tha t  a reading e r ro r  of 
f10 milliroentgens could have been made, which represents a la rger  e r ro r  of 
&l7 percent, 
taken t o  be 60 f 10 milliroentgens. 

C a l i -  
60 gamma-ray source established that 

The gamma-equivalent dose received by the  ionization chamber was 

The wall thickness of the  aluminum chamber is approximately equivalent t o  

0.2 t o  0.4 g/cm2 of t i s sue  if t he  ionizing pa r t i c l e s  are electrons o r  protons, 
The emulsions flown on the  MA-8 f l i g h t  show tha t  protons were present within 
the  spacecraft  cabin. 

In order t o  estimate t h e  electron energy t h a t  w i l l  penetrate t h e  egress 
2 hatch cover, approximately 0.6 g/cm 

i c a l  formula of reference 3 ,  r e l a t ing  electron range and energy f o r  pa r t i c l e s  
from 1 t o  20 MeV w a s  used. 

of the  w a l l  of the  ion chamber, t he  empir- 
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(1 1 R a 0 . 5 3 0 ~  - 0.106 g/cm 2 

I '  

Equation (1) gives a minimum energy of 1.3 MeV t h a t  w i l l  penetrate t he  hatch 
cover, and 1.8 MeV that w i l l  penetrate both t h e  hatch cover and ion chamber. 
This w a s  borne out experimentally by exposing-the ion chamber and hatch cover 
t o  several  energies of monoenergetic e lectron beams, Details of t he  exposure 
are covered in  appendix A. Approximately 65 percent of t he  a r t i f i c i a l  be l t  
e lectrons have energies less than 1.3 MeV (see f ig .  1) and do not penetrate 
t he  hatch cover, which is t h e  least-shielded region of t h e  spacecraft. The 
r e s t  of the spacecraft  is more heavily shielded, which allows only a s m a l l  
percentage of the  electrons t o  penetrate t o  the astronaut. 

Two packages of nuclear emulsions were flown on the  MA-8 mission. One 
package was mounted behind the r igh t  (as t ronaut ' s )  instrument console, a t  
the r e l a t i v e  posi t ion coordinates of x = 22.3 inches, y = 0.7 inches, and 
z = 32.6 inches, where x corresponds t o  t h e  spacecraft  pitch-axis,  y t he  
yaw-axis, and z the  rol l -axis .  The distances x and y a r e  measured from 
vehicle center l ine,  and z from the  heat shield,  The other  emulsion package 
w a s  mounted behind the  l e f t  console a t  r e l a t i v e  posi t ions of x t 17.4 inches, 
y = 13.5 inches, and z = 35.8 inches, 

2 paper and epoxy which had a thickness of a few tenths  of g/cm . 
The emulsion packs were wrapped i n  

I 

The proton dose measured by the  emulsions w a s  determined by the  grain- 
counting method. Above 30 Mev, the  ionized grains  along the  proton 's  path 
is  a good measurement of t he  l i nea r  energy t r ans fe r  (LET) and, therefore,  the 
dose, 
t o  t i s sue .  Below 30 MeV, gra in  density becomes a weak function of LET because 
of grain saturation. The t racks t h a t  f a l l  i n  t h i s  in te rva l  are t rea ted  by 
assuming no t racks a t  zero energy and a d i f f e r e n t i a l  N/E - Spectrum of constant 
slope in  the  zero t o  30-Mev interval .  
t r ibu ted  in to  5-Mev-wide in te rva ls  according t o  the  N/E Spectrum. 

Tissue dose is  found by using a stopping power r a t i o  of 2.33 of emulsion 

The l e s s  than 30 Mev pa r t i c l e s  are dis-  

The proton dose measured a t  the emulsion locations,  when corrected f o r  
background from a sea-level control  emulsion, w a s  22 mi l l i rads  a t  t he  r igh t  
console, and 7 mill irads a t  t he  l e f t  console. Table I summarizes the  emulsion 
measurements. 

It is in te res t ing  t o  note t h a t  the proton dose varied by more than a 
fac tor  of th ree  between the two locations. 
uneven d is t r ibu t ions  of l o c a l  absorbing matter, which admitted low-energy 
protons t o  the  emulsion on the  r igh t  console, but did not admit then t o  the  
other emulsion, 

This presumably is  a r e s u l t  of 

Beta-gamma sens i t ive  f i l m  w a s  a l so  included i n  the  emulsion packs. The 
film, which is examined f o r  exposure by densitometric means, recorded only a 
few mill iroentgens of gamma-equivalent dose, bearing out the  deduction t h a t  
few electrons penetrated the  spacecraft  s t ruc ture ,  
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The LASL thermoluminescent dosimeters were placed a t  various locat ions 
on the astronaut ( f ig .  4 )  t o  monitor the radiat ion dose received, and, if 
possible, record the  var ia t ion in  dose between locations. However, t h e  thermo- 
luminescent dosimeters had a dose threshold of approximately 30 mill i rads  
which w a s  not exceeded in  any of the  four locations. 

CONCLUS IONS 

Dose measurements on the  astronaut during the  eighth Mercury-Atlas 
mission (MA-8) from thermoluminescent detectors established that the  astronaut 
received l e s s  than 30 mill i rads ,  body surface dose. 

Dose measurements from nuclear emulsions and f i lm badges located behind 
the l e f t  and r i g h t  instrument consoles and from an ionization chamber attached 
t o  the  egress hatch cover in t e r io r  established the  following: 

(a) A proton dose of 22 mi l l i rads  was recorded behind the r igh t  console 
and 7 mill irads behind the  l e f t  console. 

(b )  Electron-sensitive fi lms a t  t he  emulsion locations recorded only a 
f e w  milliroentgens, gamma-equivalent dose, which indicated t h a t  f e w  electrons 
penetrated t o  those locations. 

I ( c )  The ionization chamber, located in  the  most exposed portion of the  
vehicle, recorded 60 f 10 milliroentgens, gamma-equivalent dose. 

~ 

Therefore, it is  concluded t h a t  the  a r t i f i c i a l  electron b e l t  created by 
the  July 9, 1962, nuclear detonation presented no problem t o  the  MA-8 mission, 
and the  overa l l  radiat ion dose experienced by the  astronaut w a s  small. 

Manned Spacecraft Center 
National Aeronautics and Space Administration 

Houston, Texas, March 31, 1964 
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APPENDIX A 

CAZllBRClTION TO ELFCTRONS 

h c e  the eff ic iency of the ion chamber t o  gammas was  established, it w a s  
necessary t o  measure its response t o  e lectrons in  order t o  in t e rp re t  the  sca le  
reading i n  terms of physical  dose, Accordingly, an experiment w a s  designed 
using the  l i n e a r  e lectron accelerator  (LINAC) of General Atomics, San Diego, 
California,  as the source of the energetic electrons.  

Geometry 

Throughout t he  f l i g h t  of t he  eighth Mercury-Atlas mission (MA-8) the  
ionization chamber w a s  located on the  inside w a l l  o f , t h e  egress hatch cover 
attached by means of Velcro tape, 
geometry experimentally and thereby determine the  detector  response t o  the  
ambient space rad ia t ion  present. The experimental geometry of the exposure 
is  shown in  f igure  6. 
and 10.0 MeV. The beam was monitored by co l lec t ing  the  charge on an aluminum 
block. 
in tens i ty  could be detected within a few f e e t  t o  the  side of t he  beam center; 
hence, t h e  beam was monitored simultaneously w i t h  dosimeter exposure. 

An attempt w a s  made t o  duplicate the 

The energies of t he  incident e lectrons were 3.0, 5.5, 

Beam spread a t  the  exposure distance was  such that no f a l l -o f f  of 

Corrections Applied t o  the  Beam Monitor 

To prevent addi t iona l  charge on the  monitor from being picked up from 
air  ionization, t he  block w a s  insulated and wrapped in  grounded aluminum f o i l .  
a c k s c a t t e r i n g  from the monitor block was  measured by taking the  charge off  an 
ident ica l  block placed a t  45' t o  the  monitor and out of the beam, as shown i n  
f igure  7. 

The backscatter coef f ic ien t  h w a s  calculated as follows: 

Let 

Q = t o t a l  charge per unit time i n  the  electron beam 

QA = charge on block A i n  the  beam 

&B = charge on block B 

w i = f r ac t ion  of t o t a l  r e f l ec t ion  s o l i d  angle subtended by block B 

Then 
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&A = (1 - A) Aw- 
or 

%l A = - -  
'A 

(A3 1 

By subs t i tu t ing  the  values obtained a t  E = 3.0 MeV a value of h of 0.27 
w a s  obtained. 

Response t o  the A r t i f i c i a l  B e l t  Spectrum 

Figure 8 shows the eff ic iency of the ion chamber on the hatch i n t e r i o r  as 
a function of incident e lectron energy. The electrons a r e  normally incident 
on the hatch exter ior .  
f i c i a l  be l t  spectrum is shown i n  t ab le  11. Summation of . the  r e l a t i v e  i res -  
ponses indicates tha t  t he  response of the ion chamber on the spacecraft  of the  
MA-8 t o  the electron current incident on the hatch cover w a s  

The response of the dosimeter normalized t o  t h e  arti- 
t h  

= 3.2 X lom1' J($) 
RC (A4 

where J k )  is  the number of electrons of the f i s s i o n  spectrum normally incident 

on the spacecraft  hatch cover, 

In addi t ion t o  the measurement expressed by equation (A&), dosimeter 
readings were taken behind several  other thicknesses of the  spacecraft  hatch 
during cal ibrat ion.  These data indicate  that  the response of the  ion chamber 
as a function of hatch thickness i n  grams per square centimeter of t i t a n i m ,  
when normalized t o  the spectrum shown in  f igure  1, may be expressed by 

k) Rc = K exp(-Lgx) J (A5 

where K is a constant and x is  the  thickness. 

This re la t ionship  is shown in  f igure  9. Comparison of equations (A4) and 
(A5) indicate  that the at tenuat ion of normally incident f i s s i o n  electrons can 
be expressed by 
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APPENDIX B 

CATJIBRATION TO GAMMA FLAYS 

The ion chambers that successfully passed the  f l i g h t  qua l i f ica t ion  t e s t s  

were ca l ibra ted  w i t h  Co60 gamma rqys t o  determine t h e i r  absolute eff ic iency of 
measuring dose w i t h  respect  t o  sca le  reading. The ca l ibra t ion  took place at 
the  School of Aerospace Medicine, Brooks A i r  Force Base, San Antonio, Texas, 
u t i l i z i n g  f a c i l i t i e s  loaned NASA by Dr. George Crawford. 

Although an ion chamber having the  range of 0 t o  1 rad w a s  used t o  moni- 
t o r  the  MA-8 f l i g h t ,  it was necessary t o  gamma-calibrate ion chambers of ranges 
0 t o  1 rad and 0 t o  100 rads because the  electron accelerator  used f o r  the  cal-  
ibrat ion produced such high dose r a t e s  t h a t  work w a s  prohibited except w i t h  t he  
100 rad chambers. However, when combined with a gamma cross-calibration, t h i s  
method adequately determines the  eff ic iency of the  1 rad chambers t o  electrons,  
since the  basic construction of the two dosimeters is ident ical ,  except i n  the  
value of the  capacitor. 

The r e s u l t s  of the  ca l ibra t ion  showed the  f l i g h t  item had a two-standard- 
deviation l i m i t  of 5.7 percent, which is wel l  within the manufacturer's speci- 
f i c a t  ions. 
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TABLE I. - RJXULTS FROM ENUJXION USED ON MA-8 M B S I O N  

Grains per  
100 MICRA 

50 

50 t o  70 

70 t o  90 

90 t o  110 

110 t o  130 

130 t o  150 

>l50 

TOTAL 

10 

Proton mean 
k ine t i c  energy, 

MEV 

363 

164 

133 

97 

62 

31 

e o  

L e f t  console 
e m u l s  ion 

0.18 

4 72 

1.61 

2. og 

1.48 

1.36 

4.12 

11.56 

. 

Tissue doses, mrad 

Right console 
e m u l s  ion 

0.21 

~ 

47 

1.04 

75 

2.42 

3.16 

18.41 

26.46 

_. 

Sea-level 
control  

0.22 

.62 

.62 

91 

55 

63 

1.17 

4.72 

.- _ -  



TABLE 11.- RESPONSE OF THE ION CHAMBER Rc BEXIND THE HATCH 

3.2 x 10-l' 1 

Ei 

<2.0 

2.0 to 2.5 

2.5 to 3.0 

3.0 t o  3.5 

3.5 t o  4.0 

4.0 t o  4.5 

4.5 to 5.0 

5.0 t o  5.5 

5.5 t o  6.0 

6.0 t o  6.5 

6.5 t o  7.0 

>7.0 

- - 

0.809 

,068 

.Oh7 

.031 

.016 

010 

,007 

,004 

.om 

.0013 

.0007 

,004 

R(E;) -I 

0 

2.9 x 

1.1 x 

3.6 x 

1.05 x 10-9 

2.50 x 10-9 

5.10 x 10-9 

8.80 x iom9 
1.35 x 

1.80 x ioo8 
2.20 x lo-8 

8 3.0 x 10- 

0 

2.0 x 

5.2 x lo-= 
1.1 x 

1.7 x 

2.5 x 

3.6 x 10"~ 

3.5 x 

2.7 x 

2.3 x 

1.5 x 

1.2 x 10-l0 
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Figure 1. - Art if i c i a l  belt spectrum. 



Figure 2. - Photograph of ionization chamber and thermoluminescent dosimeters, 



Figure 3.- Ion chamber placement on egress hatch cover. 



Figure 4.- Placement of thermoluminescent dosimeters on pilot. 



Figure 5. - Placement of thermoluminescent dosimeters on the helmet. 
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Figure 6. - Calibration behind egress hatch. 
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'Figure 7.- Backscatter experiment geometry. 

18 



IC-' 
a 

6 

4 

2 

10-8 

a 

6 

4 

6 

4 

2 

4 

2 

I I 
I 

7 I 

I 
2 6 a 10 12 14 

E, MeV 

Figure 8.- Ion chamber efficiency behind hatch. 



20 

8 

6 

4 

2 

z 

8 

6 

4 

2 

\ 

\ \ 

. 

10-’0 

2 Shield thickness,)(. g/cm 

Figure 9.- Response of ion chamber behind varying shield thickness. 

NASA-Langley, 1964 S-42 

. I  
~ . _. . . . . . .  . .. . 



I I Ill1 ll111l I1 Ill llI1IIIlIIIllllllslllllllllllllllll1111111 111 

"The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of  human RnowI- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof ." 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: 
of importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distri- 
bution because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Technical information generated in con- 
nection with a NASA contract or grant and released under NASA auspices. 

TECHNICAL' TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

TECHNICAL REPRINTS: Information derived from NASA activities 
and initially published in the form of journal articles. 

SPECIAL. PUBLICATIONS: Information derived from or of value to 
NASA activities but not necessarily reporting the results of individual 
NASA-programmed scientific efforts. Publications include conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 

Scientific and technical information considered 

Information less broad in scope but nevertheless 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. PO546 


